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INTRODUCTION 


These  appendices  contain  the  background  environmental  data 
used  in  the  report,  "The  Domain  of  the  Ground  Effect  Machine- -The 
Determination  of  Physical  and  Operating  Characteristics  of  Military 
Overland,  Amphibious,  and  Marine  GEMs  from  World-wide  Environ¬ 
mental  Criteria.  "  (Volume  1) 

The  tables  in  these  appendices  summarize,  on  a  world-wide 
basis,  the  features  of  the  natural  environment  considered  most  impor¬ 
tant  in  the  design  and  operation  of  Ground  Effect  Machines  (GEMs). 

I 

Appendix  A  contains  Climatic  and  Oceanographic  Data;  Appen¬ 
dix  B  contains  Natural  Environment  of  Continental  Areas;  and  Appen¬ 
dix  C  contains  Natural  Environment  of  Coastal  Areas.  Introductory 
notes  in  each  appendix  discuss  the  sources  of  data  and  explain  the  make¬ 
up  of  the  tables.  The  natural  environmental  references  have  been 
extracted  from  the  Bibliography  (Volume  I),  and  repeated  in  this  volume. 

Much  of  the  data  in  Appendices  B  and  C  is  from  classified  sources. 
Therefore,  Appendices  B  and  C  are  classified  CONFIDENTIAL. 
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CLIMATIC  AND  OCEANOGRAPHIC  DATA 
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—  -  CLIMATIC  AND  OCEANOGRAPHIC  PJ^A 

This  appendix  contains  world-wide  climatic  data  and  references 
to  the  source  materials  for  world-wide  oceanographic  data.  These 
data  are  summarized  and  discussed  in  Chapter  I  of  the  report  (Volume  I). 

CLIMATIC  CLASSIFICATIONS 

The  first  three  column  headings  of  Tables  A-  1  through  A- 6  list 
zone  numbers  and  climatic  classifications.  Zone  numbers,  starting 
with  1,  have  been  assigned  arbitrarily  to  all  zones  on  each  continent. 
Letter  suffixes  have  been  assigned  to  the  coastal  portion  of  zones  with 
large  interior  areas  but  not  to  primarily  coastal  zones.  The  Bailey 
Climatic  Classification  refers  to  the  coastal  climatic  zones.  The 
Critchfield  Classification  refers  to  all  continental  zones,  including  the 
incidental  coastal  regions. 

In  his  work  on  the  climates  of  coastal  regions,  Bailey^  has 
recognized  fourteen  types  with  the  character  of  the  vegetation  as  his 
basic  indicator.  He  found  that  while  the  correspondence  between  climatic 
zone  and  vegetation  distribution  is  not  always  perfect,  the  vegetative 
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cover  is  the  best  indicator,  yet  devised,  of  the  synthesis  of  all  those 
factors  that  go  to  produce  climate.  Bailey’s  classifications,  criteria, 
-and  corresponding  vegetative  types  are  ccntainccf^h  Table  1  of  the 
report  (Volumel).  The  statistical  bases  for  the  climatic  definitions  used 
by  Bailey  are  the  monthly  and  annual  means  of  temperature  and  pre¬ 
cipitation  indicated  in  Table  i. 


Seven-hundred  climatic  stations  were  used  to  establish  the  zone 
boundaries  according  to  detailed  criteria  which  are  too  yoluminous  to 
repeat  in  this  appendix.  Of  these  stations,  256  spaced  approximately 
five-hundred  miles  apart  were  used  for  determination  of  the  zone 
characteristics.  Each  chai-acteristic  was  determined  by  arraying  in 
ascending  numerical  order,  the  data  for  that  element  from  the  stations 
in  a  given  climatic  type.  From  the  distributions  thus  obtained,  the  25th 
and  75th  percentile  points  were  determined  and  are  given  in  the  table. 
Thus,  these  values  describe  climatic  conditions  over  approximately 
50  per  cent  of  the  aggregate  length  of  coast  line  affected  by  the  given 
types.  These  figures  are  useful  for  general  purposes;  however,  as 
Bailey  cautions,  there  are  limitations  to  their  application  to  specific 
px'Oblems. 

Critchfield^  stales  that  his  system  of  describing  world 

climates  is  essentially  a  geographic  one.  He  defines  his  principal 
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climatic  types  in  terms  of  general  characteristics  of  temperature  and 

precipitation,  their  seasonal  distribution,  and  the  related  natural  vege- 

tatibn."  Although  hot  as  uetaileci  as  other  sys-teh‘js,'<^iis  system  agrees 

(34  20) 

well  v/ith  those  of  Koeppen,  Thornthwaite,  Trewartha,  and  Bailey'  '  ' 
primarily  because,  as  Critchfield  points  out,  a  well-ordered  system  of 
climates  does  exist  on  earth.  The  characteristics  assigned  by  Critchfield 
to  his  various  ..classifications,  given  in.  Table  2,  (Volume  I),  are  not 
nearly  as  detailed  as  those  given  by  Bailey.  The  correspondence  between 
the  two  systems  is  readily  ascertained  by  a  reference  to  columns  2  and 
3  in  the  tables  of  this  appendix.  f  . 

SOURCES  OF  DATA 

The  ultimate  sources  of  all  climatic  data  are  the  weather  observations 
made  many  timeS:  daily  at  thousands  of  points  over  the  world  and  trans¬ 
mitted  over  regional  and  world-wide  communications  networks  for  all  to 
use.  Statistically  summari'ied  over  an  extended  period,  these  observations 
become  the  data  which  describe  the  climatic  characteristics  of  each  obser¬ 
vation  point.  By  summarizing  the  climatic  data  over  a  region,  the  climate 
of  the  region  is  described.  Most  countries  publish  climatic  data  for 
representative  points  within  their  boundaries. 

The  tremendous  volume  of  climatic  data  and  the  iai-ge  number  of 
original  sources  in  which  they  are  contained  has  made  it  desirable  to 
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summarize  or  tabulate  them  in  one  set  of  tables.  This  task  has  been 
accomplished  by  the  Climatological  Section,  Air  Weather  Service, 

— U,-S,-Air  Force,  the  U.S.  Weather  Bureau,  the^aval  Weather  Service, 
and  the  Hydrographic  Office,  The  data  presented  here  are  sum¬ 
marized  from  these  tables  v/ith  supplemental  help  from  a  few  additional 
sources.  (See  Bibliography.) 

METHODS  OF  SUMMARIZ'  VG  THE  DATA 

Time  did  not  permit,  and  the  probable  small  improvement  in 
accuracy  attainable  did  not  justify,  the  use  of  all  the  data  fi-pm  each 
zone  for  determination  of  its  climatic  characteristics.  Instead,  a 
sampling  procedure  was  used  in  which  a  few  equally  spaced  stations 

■  5  ■ 

were  chosen,  and  the  characteristic  zone  values  of  the  selected  para- 
meters  were  determined  from  their  data.  In  the  cases  of  a  few  very 
short  coastal  zones  or  very  small  interior  zones,  only  one  station 
was  available  as  the  sample.  Five  to  fifteen  stations  were  used  in 
most  zones,  while  tv/enty  or  more  stations  were  used  for  the  largest 
zones.  The  numbers  given' in  the  following  tables  represent  the  range 
of  values  observed  at  the  sample  stations  within  each  zone. 

(1)  Temperature 

The  mean  daily  maximum  temperature  for  the  warmest 
month  includes  the  range  of  values  observed  among  the  sample 
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stations  in  the  warmest  month  of  the  year,  regardless  of  which 
month  It  was.  Similarly,  the  numbers  under  mean  daily  minimum 
-  temperature  include  the  range  of  values  obso^cd  for  the  coldes’ 
month.  The  probable  absolute  maximum  and  minimum  temperatures 
are  the  extremes  observed,  anvavhere  within  the  zone  during  the 
period  of  record.  Since  the  periods  of  record  vary  from  a  year 
or  two  up  to  fifty  years,  these  extreme  values  are  indicative  only  of 
what  might  possible  be  encountered. 

(2)  Precipitation 

The  values  given  for  mean  monthly  precipitation  in  the  wettest 
and  driest  months  are  the  ranges  (in  inches)  of  the  mean' precipitation 
amount  measured  at  the  sample  stations  within  the  zones.  Extreme 

I 

values  are  not  given;  however,  they  usually  approximate' one-half 
and  double  the  mean  values.  The  wettest  month  is  not  necessarily 
the  same  month  at  all  stations  within  the  zone.  Similarly,  the 
driest  month  may  vary  among  stations.  The  range  of  values  given 
for  each  zone,  when  considered  in  relation  to  zone  size,  is  an  indi¬ 
cation  of  the  degree  of  homogeneity  of  the  climate  within  that  zone. 
The  range  may  also  reflect  differences  in  elevation  or  exposure  of 
the  obsei  viiig  points.  Data  available  on  the  mean  number  of  days 
with  precipitation  do  not  all  refer  to  0.01  inches;  therefore,  it  was 
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necessary  to  adjust  the  number  on  the  basis  of  other  mformation. 
Although  the  mean  number  of  days  uaualiy  refers  to  the  same 
rnonths  as  does  the  mean  precipitation  amounts,  thev  do  differ  at 
some  stations.  The  figure  given  for  maximum  probable  twenty- 
four  hour  precipitation  usually  refers  to  the  maximum  observed 
at  any  of  the  sample  stations  within  the  zone  during  the  period  of 
record.  Accordingly,  it  is  an  indication  of  rainfall  intensity  over 
short  periods.  In  a  very  few  cases  it  was  necessary  to  estimate 
the  probable  values  on  the  basis  of  information  from  adjacent 

zones.  In  other  cases,  where  the  reported  twenty- four  hour 

1 

maximum  obviously  referred  to  rainfall  from  hurricanes;  the 
figure  for  the  next  highest  month  was  used.  No  value  is  'given 
where  none  was  reported  by  any  station  in  the  zone  and  ho  basis 
existed  for  making  a  reasonable  estimate. 

(3)  Wind  Speeds 

The  four  columns  in  this  division  present  estimated  ranges 
of  the  probable  percentages  of  time  that  speeds  exceed  ten  knots 
and  thirty-three  knots  during  the  windiest  and  calmest  nionths. 
Many  complicating  factors  affect  the  accuracy  of  these  estimates. 
Measured  wind  speed  is  influenced  strongly  by  terrain  features, 
vegetation  cover,  exposure  of  the  measuring  instrument,’  and 
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many  other  factors.  Data  on  wind  speeds  are  extremely  sparse 
in  many  parts  of  the  world.  Methods  of  summarizing  and  pre¬ 
senting  the  .'lata  vary  from  country  to  countx^-and,  in  many  cases 
among  the  services  within  the  country;  hence  it  has  been  necessary 
to  adjust  thej.r  data  to  the  breate  points  we  have  used,  i.e.,  ten 
knots  and  thirty-three  knots.  All  of  these  factors  make  it  difficult 
to  arrive  at  reliable  estimates  for  these  columns.  These  data 
provide  rough  estimates  of  ranges  of  speeds  over  entire  zones 
and  may  not  include  extreme  values  occurring  in  small  localities. 

(4)  Relative  Humidity 

Treatment  of  the  range  of  mean  relative  humidities  is  some- 

!'  ' 

what  different  than  that  of  the  other  parameters.  For  example, 

I 

in  the  data  under  dampest  month,  one  figure  refers  to  the  lowest 
mean  value,  usually  for  midday,  reported  by  any  station  within 
the  zo'^e,  and  the  other  figure  refers  to  the  highest  value,  usually 
early  morning,  reported  by  any  station,  usually  not  the  same  one. 

In  some  zones,  the  month  may  not  even  be  the  same  for,  all  stations. 
The  value  of  the  figures  in  these  columns  lies  in  their  indication 
of  the  dryness  or  dampness  of  the  climate  and  of  thcii-  seasonal 
variations. 
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(5)  Fog  on  Coast 

This  column  refers  to  Bailey’s  Coastal  Climates  of  the 

(20)  —  ■ 

World,  in  which  he  designates  those  coastal  regions  that 

are  frequently  foggy.  The  ‘'x"  designates  those  coastaTzones 
in  which  dense  fog  occurs  either  20  per  cent  of  the  time, during 
at  least  one  month,  15  pei*  cent  of  the  time  during  a  season  of 
three  months,  or  10  per  cent  of  the  time  on  an  annual  basis.  He 
defines  dense  fog  as  restricting  visibility  to  less  than  1;  IDO 
yards.  Few  figures  were  available  on  the  frequency  of  occur¬ 
rence  of  fog  restricting  visibility  to  the  more  significant  figure 
of  one  hundred  yards  or  less,  and  it  was  not  possible  to^  classify 
zones  on  such  a  basis.  No  similar  classification  of  continental 
zones  was  available.  However,  areas  experiencing  substantial 
amounts  of  fog  are  generally  of  much  smaller  extent  than  the 
zones  used  in  this  study. 

(6)  Thunderstorms 

The  range  of  the  mean  annual  number  of  days  on  which 
thunderstorms  were  reported  at /or  in  the  vicinity  of  the  sample 

i 

stations  is  given  in  this  column.  The  Wide  range  repor^d  for 
some  zones  reflects  the  range  of  strong  local  influences  and  the 
degree  of  homogeneity  of  the  zone. 
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(7)  Sand  and  Dust  Storms 

Very  few  data  are  available  on  frequency  of  sand  and  dust 
■  storms.  All  cases  reported  occurred  in  the  arid  or  semi- arid 
regions  from  which  few  data  are  available.  Hence  these  figures 
serve  only  as  a  rough  approximation  of  the  real  conditions.  It 
is  entirely  possible  that  sand  or  dust  storms  occur  in  regions 
not  in’dicated  in  this  table.  The  fact  that  such  storms  occurred 
at  all  within  the  zone  serves  as  an  indication  of  the  unbonded 
dusty  or  sandy  nature  of  the  surface. 

OCEANOGRAPHIC  DATA 

Th©  only  ic  nov/n  comprehensive  presentation  of  climate  over  the 

oceans  is  that  contained  in  the  Marine  Climatic  Atlas  of  the  World^  ^  ^ 

(10  18) 

and  related  documents,  prepared  by  the  U.S.  Navy  Hydrographic 

Office  and  the  U.S.  Weather  Bureau.  Because  these  documents  are 
available  to  readers  of  this  report,  and  because  of  the  nature  and  volume 
of  this  material,  no  attempt  is  made  to  reproduce  it  here..  Data  on  sea 
conditions  are  also  contained  within  these  documents,  as  well  as  in 
references  26,  28  and  29. 

All  these  data  are  summarized  in  Chapter  I  of  the  report  (Volume  I). 


CUiDiitlc  Chttracteristtcs  of  Aata  -  Europe 


<D  ^ 

M  >>  (0  (A 

cans  •  c 

«  3  Q  Q  c_  ^  F 

0)  c  ^  o  S  5r 

5  c  •  X  °  .5  2 

•^  <  o  .t;  w  ^ 


i 

1 

* 

0 

0-5 

0 

0 

©  © 

©  ©  0  iT 

o  o  o  o 

eg 

O  O  i  » 
eg  o 

eg  eg  ^ 

c;  0  ©  0 

0000  oooo 

•f>  w  o 

tO  ?g  -T  eg 

r<4  «f 

-5  0  0 

1  T  T  T 

«-  eg  ^ 

©  —  ©•'' 

—  —  eg  eg  eg  *-  <—  © 

o  cn  tn 

O  tO  f-i  a> 

o  o  d 

JL  CO  ©  © 

r*t'*©o  ©tood  ' 

■ 

—  eg  f-«  ^ 

'*  ♦  -t- 

_ 

X 

X 

X 

X  K  »  * 

X 

X 

X 

X 

■  >  t  1  1 

X  XX 

O  O  o 

CO  e-  eg  o 

©  o  ©  o 

0000 

00  CO  CO 

©  ©  t-  r- 

t-  »  r-  f- 

©©e>r~  ©©c*© 

o  «n  ■/)  o 

to  to  o  eg 

©  to  o  o 

0  0  0  © 

O'  O'  O'  © 

O'O'O©  ©©©© 

ir»  ^  O  O 

eg  ^  o  eg 

©  c  o  eg 

©  ©  ©  © 

Oi  Ol  Ql  O 

G  Ci  G  0> 

a>  Oi  Oi  Oi 

oo)©o>  00©© 

i/i  tfi  tn  G 

o  e  to  f 

©  o  o  © 

0  ©  ©  © 

00  c**  00  00 

©  ©  ©  r- 

©  e»  e* 

© 

©©e-©  fvQe^e- 

lA  O 

«  to  eg 

eg  «'•  ©  © 

1  T 

t*  t- 

o  O  6  tr^ 

1-  O  <=  o 

M 

C**  0  0  0 

0  .  0  .  0  0  ©  0 

<s>  —  •«  c. 

f'  — 

u 

(A  00  tA  C4 

CO  eg  to  CO 

©  m  CO  o 

d  ©  s  c 

dd©0  OOd© 

•  CO  «  « 

«  «  1  1 

tA  CM  o  *n 

^  .  lO  o 

eg  (-  eg  « 

0  b  •'«  © 

■*T 

o 

h 

t- 

f-  H  f-  H 

0  0^0 

b  to  o  o 

o  ©  ©  o‘ 

0  0  0  © 

©©00  o©ob 

00  ^  to  'O' 

(0  C«  CD  tO 

d  «  ^  ^ 

egddo*  ©d©o* 

O  tO  tO  tO 

O  tO  O  to 

o  eg  ©  o 

0  ©  ©  © 

©o©o  ©00b 

eg  O' 

—  d  d  « 

o  o  o  o 

o  o  o  o 

o  o  o  o 

0000 

©  e-  O'  © 

O'  O'  n  O' 

©©©©  ©©©© 

o  to  o  o 

o  o  b  o 

©  ©  o  o 

0  0  0  © 

ca  00  r- 

«  eg  CO  ^ 

©  ©  © 

d  d  ©  d 

©  o*  d  ©  d  d  d 

to  o  o  c 

CD  -»  to  to 

^  O  CD  d 

©  0  0  eg 

oeeo  oeo© 

^  N  M 

«  d  ••  <g 

©  eg  ©  © 

©  0  «  e- 

©  d  ©  b  d  d  0  © 

- 

o  —  oo  r- 

CD  eg  o  o 

o*  e»  o  o» 

©  ©  r»  © 

CD©©© 

1  T  1  1 

^  M 

•m  ^ 

—  —  t 

tA  '«>  to  -r 

eg  0)  GO  00 

e-  eg  ©  © 

J*  CO  M  •• 

'9©  —  d  -(-'©eg 

- 

V 

00  o  ^  r- 

d  o  9  e 

^  ©  ©  © 

©  ©  eg  © 

0'©©0*  ©©©  — 

T 

^  M  M 

eg 

M  M  M 

mm  ^  ^  eg  —  —  eg 

W  CO 

C  tO  to  tO 

O  O  O'  ^ 

eg  0  9 

d  eg  b;-.^  ©  ©  b 

•r  o  tn  to 

tO  to  o  o 

O  ©  eg  c 

0  ©  ©  d 

000©  000© 

o  —  o  ^ 

o  —  eg  — 

—  o  o  — 

0  0 

—  —  —  0  o'eg©  — 

O  ^  —  CA 

—  O  O  to 

^^*.10 

—  rs  ^  0 

©©^cg  eoe  —  . 

o  d  o 

o  —  —  o 

0000 

0  d  H 

d  d  H  0’  d  —  d  d 

o  o  o  o 

O  to  o  © 

0000 

0000 

0000  oooe 

d  ^  eg  ^ 

o  CO  CO  CO 

©  eg  ©  © 

©  CO  » 

eod©©  c>^o*cJ 

oddd  bbSb 

to  o  to  r» 

o  o  o  o 

0000 

0  b  0  0 

o  d  ^  ^ 

o  eg  eg  <g 

eg  ©  © 

©  ©  -« 

©©©© 

•• 

to  o  o  ts 

o  to  o 

0  ©  ©  eg 

©  0  ©  © 

<e  00  to  to 

tO  ^  ^  ^ 

O'  ©  ©  eg 

^  eg  V 
•  •  •  1 

—  d  — 

t  t  »  It 

o  o  to  eg 

GO  ©  o  ^ 

eg  eg  ©  © 

©  ©  —  -^ 

©o©o*  d  —  ot<g 

QO  o  r*  CD 

©  ©  ©  o 

©  0  0  © 

0  0  —  0 

©0—0  oeo— 

M  M  M  '  '^  *^  .*^  *'* 

O  to  o  o 

o  O'  r*  « 

0  ©  0  eg 

0  0  ©  © 

©Od©  ©o©e 

^  ^  eg  — 

eg  —  — 

eg  ©  M  »» 

d©dd  ©©ra© 

1  •  1  « 

•  1  «  1 

♦  ♦ 

tO  O  to  o 

©  eg  o  o 

e-  ©  eg  0 

0  0  ©  © 

till  1  1  1  1 

1  —  eg 

1  f 

“ 

•  •  • 

d  —  eg  — 

*  1 

d  d  —  d  —  «  © 

O  00  CD  tO 

©.©  ©  © 

eg  eg  ©  O' 

©  ©  ©  © 

e-  e-  ,  lO  to 

©  r-  ©  © 

e— ©  «  f- 

©  «  ©  © 

©90©  «  a  o>’a>  . 

o  <-•  lO  to 

00  cc  eg 

©  ©  ©  eg 

©  0  0  © 

to  to  to 

©  ©  ©  © 

©  ©  t-  e- 

C*  ©  t'*  © 

t-c*o}©  r»<>©© 

—  d 

^  «  tn  CO 

©  ©  ©  © 

"  O'  «g  eg 

—  —  00 

OtD— •- 

© 

—  —  mm  mm 

e- 

V  ,  ^  CO 

©  ©  O'  © 

©  ©  ,  w 

1  0  4  0 

1  ,  1  0  e  0  ©  1 

-g  <  Q 

O  Q  u  u. 

©  O'  ©  'CJ 

©  <  r~  < 

S3U©<  00— d 

©  r- 

r-  (-  »  mm  mt  mm 

Climatic  Characteristics  of  Asia  *  Curope 


-yv 

-•*5“ 


Part  of  Zone 


CUmallc  Chnrnotcrictio  ot  Asia  •  Europe 


Climatic  Oiaracteristics  of  Asia  -  liurope 


Climatic  CharacterlBtlCB  of  Africa 


< 

5 

2 

U 


•  o  r* 
2  s: 


•  c  g 

1  a  t« 

w  2 


—  'U  ^  *6 

c  2  «  ^  a  e 

s io|?  E 

2 1  d  s  i  £ 

2  E-  *" 


c  w  >t 
C  (fi 
hA  c: 
2®  O  ^ 


2  e  i 

o  ^  A» 
^  ec  y 
^  e>  c  , 


|5 

CU  ft> 


«  ' 


JL  = 

t<  ^ 

e  « 
>  ^ 

|fi 

<9  b 

O 


oS 


9- c 
E  o 
o  S 
O 


^  c 


U  £ 

•^1 

^1 


«  £ 
I  g 


«  X 

S  c 

^1 

s  * 


££  t 

?  ■D  a  d.  « 

'  C  d  o  V 

3  2  ^  o  js 
)?  p  *7  ©  u 

-  S  C  ^  u  s 

2  &  ^  &  3 


XV 

•• 


Jx 

d  e 
--  « 

o'S  c 
c  ® 
§5  0 


5-c 

u 
£  C 
*s  W 


ISf 
•  c 

si 


©  S 


qS 


©  e 

2  o 
«  S 
>  * 


iJ  « 

«0  3 


Ou  < 


X 

>» 


§  »  £ 

e  ^  c 

Jsl 

i« 


i-i 
2  ”  £ 
•i  E  g 
><  i  £ 

CS  A  X 

2:^ 


K 

O 

©  :: 

* 

*  ii 
g!s 

23  © 

u| 


U 


o 


0 

0 

6-30 

0 

0 

0 

3-S5 

0 

XXX 

O  t  •  4 

0X0 

0-50 

20-35 

0 

20-60 

o  o  o  o. 

o  o  o  o 

©  o  o  o 

[Va  (jr»  r)  ^ 

In  CM  ^ 

1? 

15 

1 

10 

25 

1 

5 

1 

-•0X0 
a  X  -« 

X  X  O  X 
X  a  a  ^ 

— »  —I-  — » 

o  o  o  o 
o  a  V 

o  o  o  o 
f  c-  X  5 

jo  O 

M*  X  O  X 

o  o  o  o 

O  tA>  X  CM 

0  0X0 
a  X  X  a 

o  o  o  o 

X  X  V  -* 

a  o  o  JL 
V  V  .33  CO 

■ 

1  1  1  1 

1  1  1  1 

1  1  1  1 

1  1  1  1 

1  I  I  1 

X 

X 

1  1  1 

tn  i/>  o  o 

O  03  O 

X  X  O  X 
t**  t~  X  X 

X  X  O  X 

X  r-  X  X 

O  CD  X  X 
X  X  a  a 

.  .  - 

-  ■  HC^-‘ 

0x0  X  e  X  X 

c-'Xaa  aocDa 

X  -4  «0  X 
CO  o»  a  o> 

X  o  o  o 

^  CM  tO 

O  O  O  X 
X  ^  ^  CM 

O  X  X  X 
CM  V  V  V 

o  a  V  X 

X  XX 

o  a  X  X 

^  XX 

0X00 
t-'  a  a  a 

a  V  o  o 
a  a  a  f 

tA  O  o  O 
00  o>  o  o 

o  o  o  o 

03  O  X 

O  O  O  X 
CD  03  C3  C- 

O  X  •^  V 

a  CD  CD  a 

x  o  a  a 
a  a  a  a 

X  a  a  X 
a  a  a  a 

X  X  a  X 
a  a  a  a 

O  C)  o  O 

tA  O  ^  00 

X  X  X  X 
X  X  CM  X 

O  O  O  O 
X  O  X  X 

O  O  X  X 
X  M>  X  X 

o  X  V  a 
t-  X  r-  c- 

X  X  X  X 

a  X  c-  e- 

a  G  o  o 
f  a  f  a 

Hh  H  S- 

©£.©&• 
H  H  E-  H 

t.  (•  b  u 

b  b  b 

H  E^  E^  - 

b  b  b 

-  E^  H  H 

b  M  b  b 

H  H  H 

b  b  b  b 

H  H  H  H 

o  o  o  o 

o  c  o  o 

o  o  o  o 

o  o  o  o 

o  o  o  o 

o  o  o  o 

o  o  o  o 

lO  *A  CO 

r»  o  X 

u>  n  ^ 

"773 

X  — •  — 4  AM 

X  ^  X 

X  X  -•  X 

1,  CM  ^ 

E- 

X  X  ^  o 

C  CM  b 

E^ 

6  O  CM 

o  o  o  o 

o  o  o  o 

c  a  a  o 

O  O  O  X 
CM  n  <o  CO 

X  o  o  o 

XXXV 

X  o  o  o 
V  X  X 

o  o  o  o 

XXXV 

X  X  X  O 
X 

o  e  o  o 

^  BAI 

a  a  o  o 
^  ^  ^ 

tfl  o  vo  e 

CM  CM 

X  S  X  X 
CM  CM  ^ 

X  O  X  X 
CM  CM  CM 

X  «C>  W3  X 

X  X  X  X 

X  X  X  X 

•o  X  X  a 

o  o  o  o 

X  Cw  X  c* 

O  O  O  X 
X  X  X  C« 

X  o  o  o 

o  C*  X  X 

O  O  O  X 

c-  V  X  a 

O  O  X  X 
V  a  X  V 

X  X  O  X 
•©XXX 

O  O  X  X 

X  V  •••  ♦ 

X  o  o  o 

CM  X  X  d* 

X  O  X  X 
V  X  CM  X 

o  o  o  o 

V  X  X  CO 

X  o  o  o 

X  ^  V  X 

o  o  o  e 

—  X  V 

X  o  X  e 

X  X  X  X 

X  e  o  a 

X  X  X 

o  o  o  o . 

.  vx 
o  o  <  . 

X  X 

0.8 

0 

3.0 

1.5 

X  V  ^  V 

X  a  a  X 

a  c-  a  X 

X  a  c-  M* 

X  CO  X  a 
X  o  X  ^ 

1 

a  c»  CO  V 
•  "  •  »  •• 
a  a  CO  CU 

> 

CM  «M  « 

•■*  © 

f- 

b  b  b 

HH  H 

XX  '  ^ 

X  X 

X  ax 

i> 

-1 

■i» 

-i 

o  o  o  o 

o  o  o  o 

o  o  o  e 

e  o  o  o 

•M  X  ^  . 

«M  X  M 

N  X  c*  ’<r 

•«  ®  X  If- 

CM  C-  CD  CM 

c-  o  a 

X  X 

o  r*  a  e 

X  X  X  X 

CO  a  a  X 
X 

f  O  ^ 

X  X  X 

00  CO  :o  CO 

V  CO  O  CO 

O  O  f  ^ 

V  r*  X  ^ 

(9  •«  X  t- 
-•  -«  X 

CD  CO  •M  o 

c<«  M  ^  M 

X  f  <«»  X 
•4  -«  X 

CM  ?M  CM 

O  O  O  O 

1.  c« 

•  H  E-* 

b  b  b 

•  H  H  H 

X  a  X 

o  o  o 

X  o  o  a 

e  CM  -«  o 

a  a  e  o 

-M  --  X  CM 

&•©©!« 
HH  5^  H 

o  o  o  o 

o  o  o  o 

o  o  o  o 

o  o  o  o 

^  e  X  V 
a  -4  o5 

X  X  •M  X 

a  a 

o  o  o  c 

0  0X0 

O  O  O  X 

O  O  O  X 

e  o  o  o 

e  o  o  o 

e  e  e  o 

^  O  CM  CM 

X  X  — 

X  CM  CM  o 

X  o  o 
^  X 

t-  X  X 

X  X 

X  e  X  a 
X  X  •* 

X  O  CO  f 
.4  X  •« 

e  o  X  o 

O  O  O  X 

O  O  X 

C9  O  O  X 

o  o  o  a 

o  o  o  o 

e  o  o  o 

J  CM  CM  O 

—  CM  o  O 

X  -•  O  O 

-•  V  o  o 

a  r-  a  a 
^  X 

a  V  a  r- 

X  -• 

o  X  a  a 

O  O  X  X 
^  CO  —  X 

X  X  O  X 

CM  X  CM  V 

—  X  CM  O 

V  X  X  X 

o  X  a  X 

X  X  X  X 

t-  X  X  V 

X  V  X  a 

X  v«  V  a 
a  a  XX 

a  o  X  a 

XXV*© 

^  O  N  O  . 

CM  V  X  X 

CM  •-•  C-V  — 

c-  03  X  a 

—  o  — 

a  o  o  r- 

CM  O  — 

a  X  a  p- 
a  o  a 

r*  X  o  o 
a  a  o  o 

a  a  ai  X 
o  o  e  e 

— •  -4  M 

O  O  X  CM 

X  ^  ^  X 

1-  CM  X  V 

V  X  X  X 

a  X 

X  ^  X  X 

X  X  V  X 
c-  e-  X  r« 

X  X  V  d* 

X  a  a  t- 

X  X  X  X 

CJ-  t-  C-  X 

X  X  f  •*• 
f  f  a  f 

r-  ♦  CM  o 

X  ^  X  X 

X  CM  V  O 

V  V  X  X 

o  e-  a 

X  V  V  V 

o  o  O  r- 
X  X  X  X 

O  M*  X  X 

V  X  a  t* 

X  f  t-  f 

M  •••  X  a  .. 
f  f  a  a 

t»  ^  X  o 

o  o  o  CO 

03  O  03 

X  C«  O  X 

CD  a  a  o 

O  V  O  X 
-•  —  a  o 

X  X  a  *4 

a  o  a  a 

-•  o  a  a 
a  a  a  a 

X  a  a 
a  a  o  a 

X  X 

03  X  CD 

X  X  X  X 

X  X  03  » 

—•XXX 

o>  a  a  03 

V  a  a 
.  o  a  a  03 

a  ce  a  a 
r-  a  a  a 

a  a  a  a 
a  a  a  a 

a  a  <p  a 

o  X  X  X 

X  X  M*  V 

V  V  V 

V  X  X  X 

a  X  X  X 

X  X  X  X 

CO  X  r*  •- 

7 

12 

f-  r-  •  X 

V  X  X  X 

V  *  X  V 

1  I  X 

-•-•XX 

X  •^  1  -4 

1 

-5-5 

O  n  «  r 

■N  ^  M* 

a  u  a  u] 

V  V  V  V 

ib  «  <  ca 

V  X  X 

a  r-  j5  ® 

O  0  U  (b 
f  1-  f  t- 

f  f  a 

Climatic  Charactoristics  of  Africa 


O 

o  o 

o  o  o  c 

o  ©  o  O 

OOOO 

OOOO 

o  o  o 

a. 

o 

«n  o  o 

d  r*  d 

o  o  ©  o 
r-  eo  ©  to 

©  ©  •«•  © 
W  C4 

©  o  o  o 
©  ©  *-• 

O  w  o  o  - 
CO  ©  o  00 

a^  r»  O 
©  ©  C* 

O  «A  lA  d 

o 

©  o  o  © 

d  O  *1^  CO 

•—  •«  o  © 

d 

till 
©  wj  O  © 

©  d 

liar 
©  ©  ©  © 
d  CO  C-  d 

III 

o  ©  © 

©  ^  © 

w 

a 

1  1  I  1 

■  lit 

M  1  1  M 

94  t  i  Z 

a 

a 

1  i  1  ( 

lit 

d  ID  d  o 

o  ©  ©  © 

©  V  ©  d 
•M  ©  •^  © 

M 

O  ©  ©  «•• 
flO  d  CO 

>«r='' 

«>  o  to  © 
c»  ©  ao  CO 

S  00  © 

©  iD  iD  © 
^  CO  d  r- 

©  ©  -^  CO 

©  ©  c- 

O  f«  ©  o 
©  ©  ^ 

o  o  ^  © 

CO  CO  ©  © 

o  a^  o 

^  CO  ^ 

00  o  © 

0*  ^  © 

©  O  V)  ID 
©  ©  ©  C' 

©  ©  ©  © 

©  ©  ©  © 

O  d  ©  c> 

©  ©  ©  O) 

o  d  O  M 
©  ©  o  © 

d  ©  CO  00 
©  ©  ©  © 

d  fa 

©  ©  o 

u»  .D  O  »D 
to  1*0  «D 

O  ©  ^  © 
i-  r-  ©  c- 

©  r»  ©  to 

©  ©  d 

o  ;b  BO  © 

©  <0t  d  © 

00  00  *«<  o 

CD  e«  ©  t» 

•4  0  0 

CO  ©  t- 

fc«  (a  U 

H  H  h 

t  1  I 

u  t.  u  u 
^  f~> 

•  •II 

ia  M 

«  ^  H 

•  I  I  1 

eo  d 

till 

U  t»  t4 

h  ^  h  f- 

till 

b  fcl  (• 

hhh 

1  1  t 

t*  O  O 


I  tA  tn  o  o 
j  d  M  ^  «o 


I  »  »  •  •  V  1  * 

OOOO  OCDOO 


iiACOCD 

•  it  tVti  iti 


d  d  00  lA 


e#  o 
o  «  o 
o  o  © 


««  o  o  o  d  o  d 

©Odd  0^0 

f  »  t  t  til 

o  d  e  ^  ^  ^  ^ 


OOOO 

OOOO 

OOOO 

^  O  O  O 

-OOOO 

O  O  O 

©  o  ^  V 

V  CO  d  to 

d  oi*  d  © 

O  ©  to  V 

•n  GO  ©  © 

^  a«  »4 

•4  OP 

OOOO 

OOOO 

OOOO 

d  o  o  o 

OOOO 

o  o  o 

_  ©  ©  ^  CO 

«f>  r-  d  © 

•4  CO  ^  -4 

O  CO  CO  d 

4«  .0  0»  © 

©  ^  c> 

0-  ©  CO  d 
CO  CO  d  © 

©  ©  ©  Oa 
«!■  ©  ^  © 

©  ©  r-  ^ 

V4  d  d  ^ 

-4  (•  ©  © 
CO  *4  ©  d 

©*0  0*© 

•  O'  ©  ©  ^ 

o  ©  © 

©  ©  ^ 

^  CO  ©  O 
©  ©  >4  o 

86 

III 

66 

601 

d  e-  ©  d 
-a  O  O 

©  O  ©  d 

^  o  O  © 

O  ©  O'  *4 

OOOO 

at  ^ 

d  ©  © 

©  o  o 

O  d  ©  © 
©  ©  ©  C* 

or-©© 
r-  ©  ©  © 

o  ©  o  d 

©  a»  CO  © 

d  ©  ©  © 
©  ©  ©  © 

©  O  ©  © 

.  ©  r-  •r  © 

d  ©  o  V 

©  ©  © 

t»  ©  ©  o 

•C  ^  CO  C- 

o  o  ^ 

©  ©  CO  © 

o  ©  t*  © 

a#  ^  CO  © 

O'  d  ©  o 
"•r  w  ♦  O' 

O  O  CO  *4 
©  ©  O'  © 

o  o  © 

©  ©  ©  , 

©  ©  ©  t* 

©  ©  o  © 

O  ©  -4 

03  ©  ©  © 

^  ©  CO  fa 

o  r»  o  © 

O  O  d  © 
’{-©©© 

O  ©  *4  O' 

©  ©  ©  © 

©  ©d 
©  ©  © 

©  *4  CO  d 

r«  ©  o  © 

r-  r*  CO  © 

©  ©  ©  © 

CO  CO  -4  ^ 

©  ©  ©  © 

CO  CD  CD  o 
©  ©  r*  © 

©©•40 

O  ©  ©  © 

©  to  CD  ’ 

©  ©  tt 

©  ©  CO  CO 

CO  d  ©  © 

©  ©  0>  O' 

o*  r-  © 

a-a  14  CO  © 

'©to  © 

I 

<  1  1  <o 

CS  CM  1  CO 

d  ©  1  O' 

©  1  ©  h* 

1  •4  1  d 

d  1  © 

VI 

II 

01 

6 

tt  U  ^  < 

^  2!  d 

< 

d  d  eo 

a  T  <© 

©  A  O' 

^  CD  M  r- 

7B 

IB 

3A 

. 

*4 

Climatic  Chriractcristicfl  of  South  America 


N 


Climatic  CharBcterlBlicu  of  South  America 


Climatic  Cliaractcrtattca  of  North  America 


< 

x 

c 

K 

u 

& 

< 


«  To  , 

S  *3  ffl  3  4  c 

®  3  ,5  Q  s  c 

5  “  -  o  «  fc. 

;  2  .  5  wo 

tt 


^  <  o  5 


^  >»  t 

cart  l4  tt 

«  =  Q  5  S  E 

S  J  d  S  I  o 

<Z  g  5 


o  «  « 

M  o  TS 

eaa 


“•a 

“  1 

£t  O 

5e 

A  i: 

o 

b 

0U 


"t 

£  o 

AS 


***  M 

®  5 

0>  C 

E  I 

®  A 

o 


a  je 

O  e 


*  ja 

4».£ 

f  c 

if® 

S  < 


if 

al 


a  jb 

41 

s 


aO  3  A.  • 

^  -S*  «« 


isg 


s£s£§ 


>»X 

^  O 
Q  c 
•«  « 
A  ^ 

^5= 

e  ® 


3? 

5 

e 

o 

2 

e 

a 

« 

2 


«  5 

*! 

■C  5 

O  2 


o  o  o  o 

. 

O  O  O  O 

O  A  O  A 

O  A  O  A 

O  O  A  O 

O  A  O  O 

o  o  b 

I 

1 

I  - 
I  - 

O  A  A 

A  A  O  O 

^  aM  aM 

A  Pi  A  A 
A  ^ 

O  A  O  A“ 
d  A  A 

O  A  A  A 
A  0>  A  A 

O  O  A 
•n  A 

JOOOO 

A  O  A 

A  A  A  A 

A  A  A 

A  A  A  O 
d  PI 

A  A  A  A 
A  A  O'  A 

d  A  O' 

X 

X 

X 

X 

X 

Kill 

1  1  K  1 

M  H  1  1 

till 

III 

O  O  A  A 
A  A  A  A 

O  A  o  o 

A  A  A  A 

A  A  A  A 
A  A  r*  pa 

A  n  A  A 

b  A  a»«r' 
a>  pa  A  A 

A  A  O  A 
A  pa  A  A 

A  a' A 

pa  pa  p. 

O  r)  Q  A 
P-  A  pa  A 

A  O  O  A 
P-  A  C« 

A  A  O  O 
P*  C-  O'  A 

A  A  A  A 
d  A  O'  O' 

A  d  A  A 

A  A  O'  O' 

V  A  O'  A 

A  d  A 
a^  a^  ^ 

O  O  A  A 
O  O  A  A 

O  e  O  A 
o  o  o  o 

A  A  A  A 
A  A  A  O 

cr  .>  A  A 
'  AAA 

A  A  A  A 

A  A  A  A 

A  A  A  A 
A  A  A  A 

AAA 

AAA 

O  A  O  O 
A  A  A  pa 

A  A  A  A 

A  A  A  A 
A  AAA 

A  A  A  A 

O  A  A  6 

A  A  A  A 

O  O  O  A 
A  A  A  A 

AAA 
A  A  CO 

PI  m  A  p- 

A  O  A 

CO  ^ 

hhh’' 

n  h  H  H 

"  H 

1  t  o 

O  O  O 

o  O  O 

*t  A  O  A 

A  A  A  A 

A  A  A 

o  o  o  o 

A  A 

A  A  A  O 
A 

O  A  A  A 

A  Pi  PI  Pi 

^  pa  A  O' 

d  PC  O'  O' 
aM 

t-  A  A  ^ 

•4  O'  Pi 

A  A 

a-f 

€4  O  A  e4 

<aM 

A  ^  ^  ^ 

Tr- 

1- 

J- 

1- 

CO  d 

H-Hh 

t*  H  H 

'  O  A  O  A 
A  -O'  «  A 

O  A  O  O 

A  A  A  tQ* 

A  A  A  A 
^  O'  O'  V 

A  A  A  A 
•^  n  A  O' 

A  O  A  A 
.  O'  A  Pi  A 

A  O  A  A 
O'  •P  O*  A 

AAA 
•f  d  d 

A  A  A  A 
«  Pi 

O  A  A 

A  A  A 

A  A  A  A 
d  d  d  Pi 

A  A  A  A 

A  O  A  A 
d  d 

A  A  A  d 
xi 

Add 

A  A  O  A 
^  r>  A  A 

A  A  A  A  ' 
to  ^  A  A 

A  A  A  A 
A  A  A  A 

A  A  A  A 
^  A  A  A 

A  O  A  A 

A  A  A  A 

A  A  e  o 
A  A  A  A 

AAA 
./A  •P  FO 

A  O  O  O 
A  pa 

A  A  A  A 
^  A  A 

A  O  A  A 
A  A  A  A 

A  A  A  A 
rM  «  d 

A  A  A  A 

A  A  A  A 

A  CO  e  o 
d  A  d  Pi 

AAA 
d  aM 

O  A  A  A 

A  A  O 

aM  aM  M  aM 

A  A  *4  A 

A  FP  *4  M 

N  A  ^ 

A  O'  A 

A  A  A 

1  A  ^  CO 

A  PC  P«  d' 

Pi  pa'  A  A 

P^  CO  A  A 

A  pa  t*  A 

a  ' «  a 

A  d  A 

i 

A  d  A  O 

« 

A  A  A  2 

d  p*  A 

^  A  A  A 

P«  A  A  A 
pM 

A  A  p»  A 

T 

A  A  CD 

•it  4  CO  O 

mi 

•i*  O' 

A  «  A  CD 

A  CO  A  CD 

A  pa  A  A 

d  d  o 

o  s 
;s  c 

®  S 
>2 


-f 

3!  § 
A  2 


5  c 
2  o 


o  ^ 

12 

.fl  o 

25 

0.  < 


2 

3? 


111 

112 


iSjB 

I  eI 

^  b  O 

«e 


I  I 


.2 

U 


e»  ^  o  t** 

*i«  «A  «■« 
t  t  »  I 

c»  c«  ^  o 


c» 

i  .1  I 

o  « 

»,  • 


<e  o  o 

O  O  O  CO 


i«  o  < 
H 


lA  «o  o  tn 

o  o  «»  o 


l«  o  o  o 
H  •  •  • 

^  O'  CO 


I  $4  ^  O 

f-o- 


O  «l>  o* 

««  o  e>  o 


o  o  o  o 

(O  CO 
I  1  *  I 

b  O'  tA  lA 


b  O  O  O 
C«  W  CO 


o  o  o  o 

«r>  CO  c*c  CO 


o  o  o  o 

PC  c©  cc 


o  o  o  o 

'T  CO  CO  CO 
O  O  lO  O 
pi  PC  o  «o 

r*  to  ii>  o> 

I  *  I  I 

e  o  o  o 


(O  lO  l« 

H 


o  o  o  o 
CO  eo  CO  OF  o  o 

I  •  •  I  Ilf 

e  o  o  o  CO  PC  o 

•  •  •  a  a  «  -  a  • 

CO  Pi  O  O  O 


0  0  0  9 

OF  0>  (D  lO 


P>  PC  « 

I  i  • 
o  o  o 


I  c»  CO 

O  CD  (O  CO 

4- 

^  M  o 


CO 


Ci 


♦A  O  -• 


^  O  O  f 
P)  CO  Pi 
+  •  »  • 
•  fit 
CO  to  CO  CO 


iP>  CD  r>  c« 
CO  to  CO  to 


I  CO  CD  CO  CO 

to  ^  CO  ^ 


totp-^r-  ^  ^  ^  ^ 

df'coco  p-c»t-e» 


lO  ca  Pi  O 

CO  to  CO 


to  CO  so  CO 


O  lO  (O 

CO  CO  o  CO 


so  CO  to  <o 


o  fi»  CP  e 

n  Pi  CO  Pi 

+  4- 


^  C6  Pi  ec 
CO  to  CO  t* 


tP  CO  tu  P« 


^  O 

PS  aO  ^ 

+  '■, 


COOKS'  COCD»4CO 

CO  O  O  CO  O  CD  Oi  ,CD 


CO  to  lA  A 
to  CO  c®  t* 


CM  CO  aA 


>  to  A  r« 

»  A  A  A 


P-  f-  c-  c- 


^  <  to 


^  CU  d 


^  <  a  OQUbt 

'po» 


i  C  ®  t 
A  to 


<  to  < 

t-  pa  A 


A  <  flQ  U 
^  A  A  A 


I  .  I  I 


e  Pi 


Trace  or  more 


CUmatlc  Characteristics  o(  North  America 


j  o  o  o  ^ 

.o  o  o  o 

O  o  O  O 

o  o  o  o 

o  o  o  o 

o  o  o  o 

o  o  c 

(o  <*3  o 

•S' 

1  1  1  » 
•H  «-l  *0 

0»  O  O  (A 
*T  03  99 
III* 
CO  09  CO  o 
CO 

O  CD  O  O 

2  Mt  Csl  O 

ml  6  6 

41  s-^  CO 

O  A*  o  o 

CO  CO  t-  09 

a  a  o  tA 

o  o  a  a 

c>9.  a  Vi 

1  *7  I  1 

o  a  tO  o 
a  <-•  1  a 

a  o  a  o 

CM  s-s  r-  r» 

I  1  1  1 

o  a  a  o 
a  CM  a 

'  o  a  o 
o  a  C4 

d  ©  a 
a 

X 

X 

X 

(III 

till 

11(1 

1  1  1  1 

till 

1  1  1 

t/>  m  (O  o 

t-  f-  •»• 

(A  o  o  -n* 

r*  t-  «  C5 

O  A  ^  g 

a  {'•  a-a 
a  a  c.  s 

^^  •a  o 

a  a  a  o 

,  o  a  a 

t«  e-  tc 

o  o  o  o 

«3  W  «  •*< 

o  o  o  o 

09  M  ^  lA 

O  tA  O  O 
eo  A»  ^  lA 

t.^  e»  a  o 
a  a  ^  f 

c-  a  a  a 

c-  a  a  C“ 

a  a  a 
*«•  a  a 

O  lO  00  iA 
»  OO  00 

«A  O  «A  «A  . 
oa  so  s  C9 

tA  lA  09  tA 
a  C9  CB  C9 

o  09  o  a 
a  a  a  a 

a  a  M*  a 
a  a  a  09 

^  a  a  a 
a  a  a  a 

• 

a  a  o 
a>  CO  a> 

o  o  o  o 

t*>  tn  <o  00 

O  O  O  SA 
«A  'C*  O 

lA  o  O  09 
tA  C» 

o  a  o  o 
c>  «•  a 

a  o  a  o 
a  a  a  a 

a  o  o  o 
c*  c*>  c>  a 

o  o  ^ 
a  e»  c- 

tm  U 

H  H  ^ 

O  O  O  «  lilt 

o  o  o  o  o 

0-Tr 

0-  1 

0 

•  0 

O-Tr 

0 

0 

0 

o  o  o  e 

o  o  o  o 

o  o  © 

«  ^ 

4A  09  CO  04 

CM  ^  a  *• 
H 

4s  ^ 

H 

1 

2 

] 

1 

--ft 

H  H  H 

^  w 

ts  i,  O 

H.  H 

O  ^  CM  O 

o  o  o  o 

d  is  4, 

H  Et 

4s  4s  O 

H  H 

(A  O  ift  o 
93  C«  04  04 

o  c  «  o 

09  «  C4  09 

o  o  o  o 

^  C*  ^ 

a  a  o  o 

.  CM  CM  CM  <1 

a  a  o  a 
a  a  a  a 

©  o  a  o 
a  a  «  a 

e  o  a 
.  a  a  a 

O  tA 

lA  O  lA  lA 

04  CO  O  lA 

o  o  a  tA 
CM  CM 

a  a  a  o 
a  a 

o  e  ©  © 

CM  CM  si  s-« 

a  o  a 

O  O  O  ttO 

o  ^ 

tA  O  lA  >A 
«0  CO  09  <A 

O  O  O  lA 
09  4A  a  lA 

a  o  o  o 
a  a  a 

a  Q  o  a 
a  a  a  a 

o  a  a  a 
a  a  a  a 

a  o  a 

a  ^  a 

lA  O  lA  O 
CO  « 

O  lA  O  O 
09  CO  CO  4A 

tA  O  O  lA 

a  a  o  a 

a  a 

a  a  a  a 

a  a  ^ 

©  a  o  a 
a  a  a  a 

e  ©  e 
,  a  a  a 

n <0  o 

eo  cd  oo 

<0  lA  (A  04 

CD  M  O  CO 

lA  CA  09  l» 
CO  4A  •^  V 

a  e*  o 

!•  a  1 

a  a  a  a 

C«I  -•  09  CM 

O  O  © 

S  S  S  S  1 

a  a  a  a 

o  o  o 

1  ,  ■ 

4s  fcs  t«  ^ 

H  H  H 

H 

C«  C»  M  Cl 

a  a  a  ^ 

w* 

o  a  a  a 

a  a  a  ««• 

a  ^  a 

o  o  o  t« 

O  •i*  O  4» 

L  L  9  ^ 

HH 

CM  CM  d  a 

CM  CO  CM  d 

a  d  d  fo  ^ 

ad© 

■ 

^  fl»  00  00 

r*  09  CD  O 

«A  09  a  <0* 
C4  CM  04  CO 

a  o  a  a 

CM  ^4  CM 

'«•  a  a  o» 
a  a  *1 

a  a  a  a 

2  Ii  a 

o  t-  e-  00 

lA  C^  lA  CD 

C«  CO  00  09 

«■«  4><  *•<  e«; 

a  CD  <M*  CO 

CO  a  a  tb 

a  CD  d  a 

a  a 

4s  is  09 

l«  r*  4s  O 

09  O  ^  O 

o  o  o  o 

e  o  a  e 

©  ©  ©  e 

©  a  e 

^  o  o 

cJ 

d  CM  o  <1 

^  hi  d 

a  a  CM  M 

si  si  a  a 

a  d  oo 

0  0  0  4* 

.  a  .  U 

,  O  O  O  • 

0*^00 
o  o  o*  ^ 

•I  4s  O  ts 

«  ^ 
o  o 

a  a  >1  o 

odd-* 

e  o  o  *1 

a  d 

a  a  ©  e 
o  9  ^  ^  ‘ 

a  a  d 
©da 

^  ^  -A  en 

09  lA  09  CO 

CO  ^  r-  w 

CM  a  o 

«s  CM  •" 

e  CM  a  a 
a  a 

a  a  a  ©  , 

O  ©  N 

m*  *4 

O  O  O  4A 

<n  «A  r#  o 

o  o  o  o 

09  CO  V 

d  o  e  o 

09  CO  d 

o  o  d  o 
o  a  a  d 

o  o  e  e 

a  a  a  a 

e  e  e  e 
a  <0  d  a 

6.0^ 

1.0- 

5.0- 

CO  tA  lA  (O 

M  O'!  «<t 

• 

lA  *0  CO  04 

CA  ««  C*9 

I 

CO  «♦  lA  M» 

09  'T  a 

a  a  a 
a  ^  M*  a 

©  ^  a 
a  a  ^  a 

©  s^  a  a 
^  a  a  a 

a  a  o 
a  a  a . 

CO  O  O  CO 

o  ^  ^  w 

117 

119 

106 

104 

CM  ^  ^  a 

o  o  a 

s|i  a  *1  a 
o  a  o  o 

a  a  ^  OBi 
o  a  o  a 

a  a  a  a  ^ 
a  o  a  a  , 

a  ©  a 
e  ©  © 

COMA  C-  « 

^  ^  ^  ^ 

CO  O  cO  04 
lA  lA  CO  lA 

-M*  O  9  CM 
^  a  r»  C» 

o  a  a  a 
a  (o  r*  c» 

a  a  a  a 
a  a  a  a 

a  ad  a 
(o  a  a  a  r 

©■'©  O 
•©  ©  a  : 

SO  o 

09  ^  <0 

oc«o9r- 
in  c«  4n  ^  . 

CM  r>  a  *4 . 

CM  ^  a  t- 

a  a  o  a 
a  a  a 

a  a  a  a 
a  a  a  a 

a  a  a  d 
a  a  a  a  ’ 

d  c«  © 

©  ©  « 

tf>  lA  «A  <0 

00  (D  O 

lA  o>  «n 

03  C9  09  C> 

09  CM  a  1 

a  a  a  a 

a  o  a  a 
a  a  a  a 

o  1  a  a 
a  a  a  a 

©  a  ©  a 
a  a  a  a 

s>4  a  a 
a  a  © 

O  O  ^  -S' 

C»  t*  C*  09 

CO  O  tA  09 

C*  CD  CD  09 

a  a  •H  d 
r»  Co  9  a 

o  a  d  d 
a  a  a  a 

c?T^^^a 
a  a  a  a 

■w 

■88 

■98 

•88 

a  d  a 
©  a  © 

O  O  -O'  V 

^  lA  tA  «A 

a  09  c9  o) 

a  a  a  1 

••  1  a  a 

a  a  a  a 

a  a  a 

»  C-  t-  * 

^  1  09  09 

1  ♦  CM  ^ 

a  a  1  1 

1 

1 

2 

a  a  a  1 

a  a 
a  1 1- 

•BS  Si 

12A 

12B 

13 

14 

<  U,  <« 

s«>  "  m  40 

16 

17 

17A 

17B 

y9»® 

C«  •■S  1 

«  O  o  < 
a  a  M  a 

SI  a 

®  a  a 
®  a  a  a  1 

a  a  CD 
a  a  a. 

CUmattc  Characteristics  of  Australia.  New  Zealand  and  Southwest  PacUic  Islands  (Oceania) 


oooo  oooo  oooo  oooo  oooo 


I  I  I  I  I  I  t  4  I  I  I  •  I  I  I  I  I  I  I  t  t  I  *  I  t  I  I  I  I  I  I 

eooo  oot«o  ooeoin  iaiaoo  o.ooo  <*>io<nin:cooco^'-«ooLn 

r-or-c-NM  •HeMe^»  »-i  .-i 


till  till  I  I  I  I 


<A  O  lA  O 
CO  CO  r-  03 
III! 
lA  9  tA  «A 
lA  9  C- 


III  lilt 


^jAiA  OOOiAOOOCOO 
(j>  a>  CO  wwdWww>a»W*C» 


OOiAO  CIiAtAO  0‘«0  4A  lA 
OflDOOC)  0t)CbC00>0t>9O)9 
I  I  I  i  I  I  i  :  •  •  *  • 

lAOOOO  OOOOOOOiA 

cocoiAr*  e-coe-e-r^t-t-t- 


le  9  (•  O 

H  H 


o  o  o 
H 


U  »W  c«  fc* 

H  H  H  H 


CC  ^  tA 

H 


fte  O  « 

H 


I  o  O  I 
u  u 


V  O  U  «A 

H 


o  O  O  CD  O  tA  lA  OCAOO  9C0CDO 
CCOCOCO  iAO®*A  «r^»A^ 


tA  ^ 

I  I  t  o  o  o  o  < 

^ 

H  H 


9  «-*  «  f-  »A,*^  ^ 

I  T  T  »  I  I  t 

oc  m  ^  M  Id  e 


«A  lA  lA  O  0  .0  O 
d«t  CO  '4*  ^  CO  «0 


O  lA  O  lA  *A  O  (A 

o  ^  r>  eo  cccc  c« 


e  CO  lA  c« 

•  •••lilt 
«A  O  O  C« 


•d^eadeiid  •^•4r«.«CC  ^  tA(NOr>  O^lA^  r^ 

H 

llil  »!•«  till 

oooo  OO^i*  OONb  t^^tAdT  COCdOCC  tH 

h  H 

1  •  • 

tAOOO  OOOCC  fO^O  SA 

S  M  c5  «  Cl  ^  e.,  ••  .«  Cd  d 

Itll  lilt  till  lilt  lilt  I 

CdCOOO  lAtAWO  OOOC©  **’22'^  2**2  2 


'd  OOO'^eJS'® 

•N  •*»  ec  d 


I  I  I  I 

d  e 


!A  f»  d  d 
d  d 

lilt 
to  d  tA  d 


eo  d  «*  d  oo  d 

d  d  d  d  d  d  d 


d  o  '<C  CO  O  d  CD 


III*  I 
o  »  »  d 
Q>  CD  d  d  r- 


(«.  f-  OO  00 


I  d  to  I  to 


-'SS-  s 


Climatic  Characteriutics  of  Antarctica 


APPENDIX  B 


NATURAL  ENVIRONMENT  OF  CONTINENTAL  AREAS 


CONFIDENTIAI 


-  APPENDIX  B  - 

NATURAE  ENVIRONMENT  OF  CONTINENTAL  AREAS 

This  appendix  contains  the  background  data  for  overland  operations 
of  Ground  Effect  Machines.  These  data  represent  some  of  the  essential 
parameters  of  military  geography,  with  particular  emphasis  on  the 
elements  affecting  OEMs.  The  elements  tabulated  in  Tables  B-1  through 
E-7,  and  their  classifications  have  been  discussed  in  Chapter  I  (Volume  I), 
together  with  summaries  of  the  data. 

Assembly  and  classification  of  military  geography  data  for  over- 

■  '  ■  .'t 

land  operations  on  a  world- wine  basis  is  a  task  of  major  proportions. 

Some  areas,  such  as  Western  Europe  and  the  United  States,  are  covered 
by  a  multitude  of  geographic  data.  Other  areas,  such  as  central  Asia 
and  Eastern  Africa,  have  been  mapped  and  studied  only  on  a  very  general 
basis.  Even  for  the  areas  with  complete  coverage,  geographic  elements 
have  commonly  been  discussed  in  descriptive  terms  unsuited  for  numerical 
classification  or  determination  of  vehicle  (system)  design  and  performance 
requirements. 

The  published  sections  of  the  National  Intelligence  Survey  series 
have  provided,  for  the  first  time,  coordinated  material  on  military 
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geographic  elements.  In  particular,  the  Sections  21  and  24  of  the  NIS 
series  covering  Military  Geographic  Regions  and  Military  Topography 
have  provided  largely  comparable  data,  with  numerical  factors, 

on  the  primary  military  geographic  elements  for  large  areas  of  the 
world. 


These  NIS  data  have  been  used  for  the  published  areas .  In  some 
of  these  areas,  the  data  are  not  as  complete  as  desired,  but  considered 
to  be  the  best  available.  Areas  of  the  world  not  covered  by  NIS  have 
been  analyzed  in  terms  of  many  other  data  sources .  These  sources 
have  included  the  Department  of  Engineer  Intelligence  of  the  Army  Map 

'  .  .  '  .  ■  ‘I 

I 

Service;  the  Military  Geology  Branch  of  the  Department  of  the  Interior; 
the  facilities  of  the  National  Geographic  Society,*  and  numerous  com¬ 
mercial  atlases  and  geography  texts.  A  few  special  study  reports  on 
specific  areas' were  obtained  through  the  Armed  Services  Technical 
Information  Agency, 

Data  from  all  these  sources  were  assembled  on  a  consistent 
basis  within  the  framework  discussed  earlier  in  this  section.  In  a  few 
areas  data  are  missing,  and  the  further  intensive  research  required 
to  fill  in  these  blanks  was  not  considered  economical  within  the  objec¬ 
tives  of  the  study.  The  following  notes  will  assist  in  understanding  the 
form  of  data  presentation. 
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(1)  The  geographic  data  are  tabulated  in  terms  of  political 
units.  Occasionally,  several  political  units  situated  in 

a  Single  geographic  ai  ea  are  considered  together,  as  for 
example,  Norway  and  Sweden.  In  a  very  few  cases, 
large  political  units,  e.g.  ,  U.S.S.  R.  ,^rc  divided  into 
several  subareas  for  convenience  of  presentation.  Political 
units  are  arranged  by  continents,  with  the  further  break¬ 
down  of  Eurasia  into  Europe  without  U.S.S.R.;  U.S.S.R.; 
and  Asia  without  U.S.S.R.,  as  discussed  in  Chapter  I, 

(2)  Political  units  are  divided  into  climate  zones  on  the  basis 
discussed  in  Chapter  I.  .  Section  2,  (Volume  I),  to 
facilitate  coordination  of  all  the  climatic  and  environmental 
data  for  a  given  ai'ea.  Since  the  climate  zones  tend  to  have 
some  degree  of  homogeneity,  this  breakdown  provides  a 
better  indication  of  the  predominant  characteristics  in  a 
given  area.  Where  a  numerical  or  descriptive  data  element 
applies  to  the  combination  of  two  or  more  climate  zones 
within  a  political  unit,  it  is  indicated  by  brackets  or  a 
vertical  arrow  (i). 

! 

(3)  The  complete  data  for  each  area  are  contained  on  two 
successive  pages.  The  climatic  correlation  is  given  on 

the  first  page,  with  the  zone  number  and  zone  area  repeated 
on  the  second  page  for  identification. 

'  I  ' , 

(4)  Altitude  distribution,  slope  distribution,  and  vegetation  and 
surface  cover  distribution  are  given  as  percentages  of  the 
total  area  of  the  data  unit.  The  asterisk  in  the  altitude 
distribution  tabulation  indicates  land  below  sea  level.  All 
slopes  are  given  in  percentage  gradient,  which  should  not 
be  confused  with  angles  given  in  degrees .  For  example, 

10  per  cent  slope  ~  6®,  30  per  cent  slope  ~  17®,  100  per 
cent  slope  =  45®.  V 

The  data  on  stream  valleys  indicate  typical  spacing  between 
streams,  the  mean  water  width,  and  the  percentage  of 
stream  mileage  having  steep  banks  (defined  approximately, 
as  vertical  and  over  10  feet  high,  or  100  per  cent  slope 
and  greater  than  15  feet  high- -this  is  not  a  precise  number). 
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Superscripts  in  the  tabulation  of  vegetation  and  surface 
cover  distribution  indicate  the  height  in  feet  of  the 
pertinent  feature.  For  cultivated  crops,  this  is  usually 
the  maximum  height  during  the  growijig  season. 

The  cross-country  index,  as  given,  is  only  a  convenient 
number  for  indicating  the  most  significant  obstacles  to 
cross-country  operation.  It  is  given  in  terms  of  the 
cross-country  capability  of  conventional  tracked  vehicles 
with  ground  pressures  of  12-15  psi.  In  each  case  the 
percentage  of  unsuitable  area  is  given,  and  the  primary 
cause  or  causes  are  listed. 

Special  features  re  GEM s  include  other  geographic  features 
natural  or  man-made.  An  effort  has  been  made  to  include 
pertinent  numbers  on  size  and  distribution  of  these  features 
Where  not  otherwise  identified,  drainage  ditches,  canals, 
etc.,  are  listed  by  height  and  width  in  that  order,  e.g., 
2x5  feet  means  2  feet  deep,  5  feet  wide  at  surface.  The 
discussion  of  Chapters  I  and  II  (Volume  I)  includes  most 
of  the  features  listed  in  the  tabulation.  | 

Missing  data,  or  data  whose  values  are  not  known  well 
enough  to  be  usable,  are  indicated  by  question  marks. 

Even  though  the  data  units  represent  specific  areas  of 
world  land  masses,  the  data  for  each  data  unit  represent 
only  the  most  common  ranges  of  parameters  throughout 
the  unit.  Any  individual  location  may  fall  outside  of  some 
of  the  ranges.  Therefore  these  data  cannot  be  used  to 
support  or  reject  an  operation  at  any  particular,  location. 
Further  study  of  the  area  in  question  would  be  required  to 
obtain  sufficient  detailed  data. 
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Suitability  for  movement 
of  traeked  vehicles, 

12>1S  psi  itround  pressure 


NaturM  Knvlrondncnt  of  U&$H 


Natural  Hnvlronmcnt  of  Asia  (without  USSlt) 


Ves^tatlon  and  Surf&re  Cover  Dtatrlbutior. 


Suitability  for  movement 
of  tracked  vehicles, 

12-15  p8i  groind  pressure 


CUmntIc  Correlation  |  I  AUUude  Dlatrlbullon  (1000  fneO  I  Slope  D.  strlbuticc 


Natural  Envinmmcnt  Attla  (without  USSIO 


Suitaltillty  for  rno^'cmenl 
of  tracked  vehicles, 

12-15  pel  ground  pressure 
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Niiliiral  Environment  of  Aaia  (without  USSIt) 


Suitability  for  movement 
of  tracked  vchiclc-s, 

IZ'-IS  psi  ground  pressure 
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Suitability  for  movement 
of  tracked  vehicles, 

12-15  pal  ground  pressure 


j?uilabiHiy  for  movcir.ent 
of  tracked  vehicles, 

!2~15  psi  ground  pressure! 


Natural  Envlroomant  of  A«ia  (without  USSR} 
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Vegetation  ond  Surface  Cover  Diitrlbutlon 


I^atural  (hivlroiimcnt  of  Africa 


>NOw  Central- AfrIoaii.RepubUCj 
Chaii«  Gabon,  Congo 


Nutunit  Mi)\ironiiteiit  of  Africa 


Natural  ISnvtron incut  of  Africa. 


Suitability  for  movement 
of  tracked  vehiclea.  . 

12>15  psi  ground  pressure 


Nntiiral  environment  of  South  America 
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Natural  l^nvlrontnciu  of  South  America 


Natural  Knvlronniciit  of  South  America 
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Natural  environment  of  South  America 


Suitability  for  movement 
of  tracked  vehicles, 

12^15  psi  ground  pressure 


Natural  Environment  of  South  America 


tta  level 


Natural  Environment  of  South  Antencj 


Suitability  for  movement 
of  tracked  vehicles, 

12- IS  psi  ground  pressure 
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Natural  Envlronmcnt  ot  North  America' 


Natural  Knviro^ment  of  North  Attierico 
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Natural  Knvlronmeni  of  NattU  Ainetica 
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No  Data  — .  of  tracked  vchiclea, 

12-15  psi  fjrou.id  pres:»u: 


Natural  Knvlror.iiicnt  of  Auitralia.  ZcnUiid,  and  Hactfic  lalniida  (Oceania) 
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NATURAL  ENVIRONMENT  OF  COASTAL  AREAS 
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TURAI.  ENVIIlQI\'?vlENT  OF  COASTAL  AREAS 

This  appe  iiCiiX  COri'.ti  ins  the  background  data  for  amphibious  opera¬ 
tions  of  Ground  Effect  Machines,  These  data  represent  the  primary 
geographica]  parameters  of  the  coastal  regions  of  the  worlds  with  partic¬ 
ular  emphasis  on  the  elements  affecting  GEMs. 

In  one  important  respect  Appendix  C  differs  from  Appendices  A 
and  B,  covering  climatic,  oceanographic,  and  continental  environment 
data-  -  the  data  used  are  much  more  of  a  qualitative  nature.  Quantitative 
geographic  data  on  coastal  areas  have  heretofore  been  restricted  almost 
entirely  to  those  data  needed  for  planning  conventional  amphibious  opera¬ 
tions.  Where  these  studies  have  not  been  made,  coastal  data  are  limited 
to  generalized  landform  and  vegetation  distributions,  and  brief  data  on 
coastal  stream  valleys. 

Every  effort  has  been  made  to  provide  complete  data  coverage  for 
all  the  elements  of  this  appendix,  but  in  some  categories,  especially  the 
characteristics  of  beaches,  full  coverage  would  necessitate  extensive  field 
survey.  Accordingly,  the  data  forms  arc  filled  in  to  the  greatest  extent 
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nv.ijJabJi*  from  aJ]  t.liu  data  sources  used,  and  missing  da'a  are  indjcatecl 
by  a  question  mark  or  the  word  "unknown.  "  The  quaiiiaiave  ovaluauun  of 
sui lability  for  GEM  amphibious  operations  includoii  at  the  bot’om  of  ihe 
data  sheets  represents  an  appraisal  of  the  data  available  for  'he  area, 
including  ail  background  materuai  elements.  This  appraisal  has  also  been 
portrayed  in  Figure  14  of  the  report  {Volume  I). 


Data  sources  used  for  assembling  the  data  of  this  appendix  are  the 
same  as  those  used  for  Appendix  B.  Characteristics  of  beaches  and  land¬ 
ing  areas  arc  given  in  Section  22  of  the  appropriate  National  Intelligence 
Survey  series. 


The  following  notes  will  assist  in  understanding  the  form  of  data 
presentation:  ■■■  ■ 

{11  The  data  are  tabulated  in  terms  of  coasts  of  continents  fronting 
on  the  oceans  and  major  seas.  The  world's  mainland  coasts 
and  major  islands  are  included  in  these  data,  with  the  exception 
of  the  North  American  Arctic  Islands  above  77  latitude.  The 
breakdown  by  continents  and  oceans  is  on  the  basis  of  conven¬ 
ience  and  continuity  rather  than  the  strictest  geographic 
identity;  for  example,  the  Black  Sea  coasts  of  Romania  and 
Bulgaria  are  grouped  with  those  of  the  U.S.S.  R.  and  Turkey 
and  the  Mediterranean  Coasts  of  Western  Asia. 

Each  data  column  represents  the  coastal  area  of  a  political  unit 
or  other  convenient  geographic  unit  within  the  data  group.  For 
a  few  political  units  with  extensive  coastlines  on  a  given  ocean, 
e.  g. ,  the  Arctic  Coast  of  the  U.  S.  S.  R. ,  varying  characteristics 
within  the  entire  area  are  indicated  by  a  breakdown  into  two  or 
more  columns. 
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',2,  The  coastal  climate  zones  tal<en  from  PTgi.res  1  to  7  in 
Chapter  I  (Volume  1*  represent  the  Bailey  classification 
referred  to  in  Sect.u)n  2  and  are  included  for  better 
correlation  of  these  data  with  those  of  Appendices  A  and  B. 

(3)  The  total  coast  length  includes  offshore  islands.  The  main¬ 
land  coast  length,  where  a>/ailable.  includes  major  gulfs  and 
bays,  but  not  the  minor  indentations.  These  numbers,  and 
the  others  listed  in  this  appendix,  are  given  in  statute  miles. 

(4.>  Tlie  coastal  'errain  represents  a  brief  description  of  the 
coastal  landforms,  and  the  terrain  backing  most  of  the 
beaches  along  the  coast, 

(5)  The  data  on  coastal  stream  valleys  are  similar  to  those 

included  in  Appendix  B,  except  thai  the  qualitative  notation 
of  steep  banks  has  been  broken  down  into  the  near  coast  and 
inland  areas,  divided  at  about  15  to  20  miles  from  the 
coast.  Again,  the  definition  of  steep  banks  is  not  rigorous, 
but  generally  includes  banks  over  10  feet  and  near  vertical, 
or  over  15  feet  with  slopes  of  50  to  100  per  cent  or 
greater. 

(6}  The  characteristics  of  beaches,  where  these  data  are  avail¬ 
able,  include  number  of  beaches,  percentage  over  two  miles 
long,  percentage  with  widths  over  50  feet  and  over  100  feet 
at  high  water,  the  maximum  gradient  in  the  high  water  zone 
(the  portion  of  the  beach  above  normal  high  tide)  the  most 
common  beach  materials,  and  approach  obstructions,  if  any. 

(7)  Maximum  surf  heights  and  tidal  ranges  are  given  in  feet. 
Storm  conditions  are  not  included. 

(8)  Coastal  vegetation  includes  the  vegetation  near  the  coast  or 
backing  the  beaches  if  applicable. 

{9,‘  The  special  features  of  coastal  areas  include  notation  bf  ice¬ 
bound  coasts  and  other  particular  features. 

(lO)  The  GEM  feasibility  evaluation  represents  a  qualitative 

appraisal  of  suitability  for  GEM  coastal  operations.  (See 
also  Figure  14  (Chapter  I).  Volume  I. )  The  percentages 
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given  I'epresent  the  percentages  of  mainland  coast  length  if 
it  is  given.  The  following  definition  of  the  zone  breakdown 
has  been  used; 


Zone  1.  Coasts  suitable  for  GEM  access  inland  over  the 
beach,  or  through  stream  valleys. 


-  O 

4^UUC  £** 


Coasts  Sui’ablc  for  GEM  landings  on  beaches,  but 
not  providing  easy  GEM  access  inland,  • 


Zone  j.  Coasts  whieli  are  unSuita.ble  for  GEM  amphibious 
operations. 


1)  A  word  of  caution  is  again  appropriate.  The  data  represent 
area  coverage  rather  than  point  locations.  Any  individual 
location  may  have  characteristics  differing  from  those  of  the 
general  area.  '  Therefore  these  data  do  not  represent  sufficient 
source  material  to  support  or  reject  a  specific  operation  at  any 
particular  point. 
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Arctic  Coasts  of  Europe  -  Asia 
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Paciric  Coasts  of  Asia 


Southwest  Pacific  Coasts  of  Asia 
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Eastern  Mediterranean  and  Black  Sea  Coasts  of  Europe  -  Asia 


Meditorrancnn  Coasts  of  Etiropu 
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Mt?dit(?rrarti?*'Xrt  Oo3Sts  of  Africa 
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Ited  Sea  and  Indian  Ocean  Coasts  of  Africa 


»  -a 


Hed  Sen  mid  bidian  O^can  Coasts  of  Africa 
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Atlantic  Coasts  of  Africa 


Atlnntic  Coasts  of  South  America 
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Pacific  Coasts  of  South  America 


Pacific  Consfs  of  Norih  Americn 
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Pacific  Coiitiih  of  North  Aniorica 


Arctic  Coasts  of  Noi-h  America 


Atlantic  Coasts  of  North  America 


B  I  I  -i  L.  I  O  G  R  A  P  I  I  Y 


■M,.  - 
i.N  t 


. 1  r*  .  J* 

u-'cii.  x:jiivxxwiAj.xiciit 

(repeated  Iroxn  Volume  I) 


Berry.  F.  A.  Jx'.  .  Bollay.  E.  ,  Beers,  Norman  R.  ,  Haiidbook 
of  Meteorology,  pp.  004-995,  New  Y'ork,  Mc;Graw -Hill, 
1945.. 

Cosmopolitan  World  Atlas,  New  York.  Rand  McNally  &,  Com¬ 
pany,  19.58. 

Critchfield,  Howard  J.  General  Climatology,  pp.  165-244. 
Edgeworth  Cliffs,.  N.  .j.  ,  Prentice-Hall,  Inc.,  1960. 

Trewartha,  Glenn  T.  ,  An  Introduction  to  Climate,  3rd  ed.  ,  pp. 
223-395,  New  York,  McGraw-Hill,  1954. 

Van  Rooy.  M.  P.  ,  (ed, ),  Meteorology  of  the  Antarctic,  Weather 
Bureau.  Pretoria,  South  Africa,  1957. 

Visher,  Stephen  S. ,  Climatic  Atlas  of  the  United  States, 

Cambridge.  Massachusetts,  Harvard  LTn.iversity  Press, 

1  ns  A 

World  Atlas,  Encyclopedia  Britaniiica,  Inc. ,  Cliicago,  1959. 

Central  Intelligence  Agency.  Military  Geography.  Chapter  II, 
National  Intelligence  Survey  (for  country  of  interest). 
(Confidential). 

U.  S,  Depa.nment  of  the  Army,  Field  Manual  30-10,  Terrain 
Intelligence,  Washington,  D.  C. ,  October  28,  1959. 

U.  S.  Navy  Hydrograph  Office,  Oceanographic  Atlas  of  the 
Polar  Seas,  H.  O.  Pub.  No.  705,  Part  I,  Antarctic; 
Washington,  D.  C. ,  1957,  and  Part  II,  Arctic; 

Washington,  D.C.  ,  1958. 

U.  S,  Navy,  Marine  Climatic  Atlas  of  the  World,  Volume  I, 

North  Atlantic  Ocean,  NAVAER  50- Ic- 5 28.  Washington, 

D.  G. ,  1056. 


U.S  Nnvy,  Marine  Climatic  Allas  of  the  W Tid.  Vulurnc  ii, 
i\oith  Pacific  Ocean,  NAVAER  a0“ic~a29,  WruHninpton, 
D.  ,  195f>. 

U.S.  Navy  Marine  Cliniaiic  Atla.s  r.f  <he  World.  Volume  ill, 
Indian  Ocean,  NAVAER  50- lc-530,  W^hington.  D.  C.  , 

]  9  5  7 .  ■ 

UU  S.  Nav/y,  Marine  Climatic  Allas  of  the  World.  Volume  IV, 
South  Atlantic  Ocean,  NAVAER  5Q-1C-531,  Washington, 
D.C.  ,  1958. 

U.  S.  Navy,  Marine  Cliniaiic  Atlas  of  the  World,  Volume  V, 
South  Pacific  Ocean,  NAVAER  50-lc“532,  Washington, 
D:C.,  1959.' 

U.S.  Weather  Bureau,  Local  ChmatcN^. _ (for  Various 

Cities  of  the  United  States),  Washington,  D.*..,  1960. 

U.  .S.  Weather  Bureau,  Summary  of  Hourly  Observations, 

Climatography  of  the  United  States,  Nos.  30-1  through 
30-52,  Washington,  D.  C. ,  1956. 

U.S.  Weather  Bureau,  and  U.S.  Navy  Hydrographic  Office, 
Climatological  and  Oceanographic  Atlas  for  Mariners, 
Volume  I,  North  Atlantic  Ocean,  Washington,  D.C. , 
August  1959. 

Ljungstrom,  Olle,  GEM  Design  Philosophy  for  an  Over-water, 
Over- ice  Vehicle,  IAS  Paper  61-47,  New  York,  N.  Y. , 
Institute  of  Aerospace  Sciences,  January  1961. 

Bailey,  H.  P. ,  "Climate  of  Coastal  Regions,  "  Natural  Coastal 
Environments  of  the  World.  Prepared  for  Geography 
Branch,  Office  of  Naval  Research  by  the  University  of 
California  at  Los  A.ngeles,  1960. 

Cornell  Aeronautical  Laboratory,  Inc. ,  Some  Factors  of  Mili¬ 
tary  Geography  Affecting  Mobile  Army  Combat  Zone 
Transport  Operations,  Mobile  Army  Air  Transport 
Study  Phase  II,  Buffalo,  N.  Y. ,  May  1959.  (Confidential). 


Lo"at\  Rifhaid  F.  ,  Thf;  Central  Narrub  l>cson.  South  Wc.si 

Atrica,  Publication  753  of  Nat  ional.  AcaZem'y'oFSc-rcacicus^ 
Nai:onal  Reseaj'ch  Counoil.  Prepared  for  Offioo  of  Naval 
Rtsearoh  by  the  Universn.y  of  California  a1  J.ps  Angeie.s 
IPGO.  '  '  ' 


iVi'i  abiiu,  JjCui  .  John 
and  ForcM.  c!.qtip.». 


A.  ,  Non  s  on  Amaxetic  Vveaiher  Analysis 
NVVP.F  16-1260-038,  Norfolk,  Virginia"," 


U.  S.  Navy  Weaiher  Research  Facility^  December  1960. 


Planning  Reaeai  ch  Corporation,  A  Classification  System  for 
•Unprepared  Landing  Areas,  Los  Angeles,  California, 
January  105''. 


Rayner,  J.  N.  ,  Ternp-rature  and  Wind  Frequency  Tables  for 
Eurasia,  Meteoi  elegy  Publications  18  and  20.  Prepared 
for  Headquarters,  Quartermaster  Research  and  Engineer¬ 
ing  Command  by  Arctic  Meteorology  Research  Group, 
McGill  University,  Montreal,  1960. 

Burkehart,  M.D.,  Kipper,  J.  K. ,  and  Joseph  E.  J. ,  Sea 

Conditions- -North  Pacific  Ocean  and  North  Indian  Ocean. 
Unpublished  manuscript,  2-61,  U.  S.  Hydrographic  Office, 
Division  of  Oceanography.',  Washington,  D.  C. ,  November 
1960. 

Pioel^,  LCdr.  John  D. ,  USN,  et  ai.  Forecaster's  Handbook  for 
Naval  Air  Facility,  McMurdo,  U.  S.  Navy  Weather  Central 
McMurdo  Sound,  Antarctica  (Mimeographed  Internal  Docu¬ 
ment). 

U.S.  Navy  Hydrographic  Office,  Division  of  Oceanography,  Sea 

Conditions --North  Atlantic  Ocean.  Unpublishedi  Manuscript 
11-60,  Washington,  D.  C. ,  .April  i960. 

U.S.  Navy  Hydrographic  Office,  Division  of  Oceanography.  Un¬ 
published  sea- condition  charts  of  the  South  Pacifie,  South 
Indian,  and  South  Atlantic  Oceans. 

U.S.  Navy  Weather  Research  Facility,  Climatological  Planning 

Summary  for  Antarctic  Operations  During  Operating  Period. 
Norfolk.,  Virginia,  i960  (mimeographed  Internal  Document). 


CONFIDENTIAL 


ol.  U.S.  Navy  Weather-  Research  Facility,  T^irs’  Interim  Re:  .et 
on  liie  Meieorolot^y  uf  the  An'.:- retie,  NorTolk.  Vi r- gin  oT 
August  lOGO  (Mimeographed  jnteeual  Doi-iiment), 

32.  Chief  of  Engineers,  U.S.  Ar  rny ,  v  Ivlap  Service,  eras'; - 
Country  Movement,  (Map),  April  1958. 


Drscussions  •vert  held  wit.h  personnel  of  the  following  agenc  .e* 
Office  of  Naval  Ir.leiligence,  U.S.  Navy  Hydrographic  Office,  U.  f- , 
Navy  Weather  Research  Facility,  U.S,  Weather  Bureau,  Army  ^  ap 
Service,  and  Military  Geology  Branch  of  the  U.S.  Geological  Sur  ey. 


CONFIDENTIAL 


